The high portions of organic and Greasy constituents of the skim of Induced Air Flotation (IAF) unit that is typically land disposed or rendered have made it environmentally problematic for the receiving bodies due to its poor natural solubility and degradability. One solution for that was the use of anaerobic digestion. Five laboratory scale batch reactors (each of 10 L working volume) were used herein to test the effect of different IAF skim to working volume ratios; namely 0.5, 1.5, 2.5, 4.0, 5.0:10 (R1-R5), while the rest of working volume was filled with livestock manure (as inoculums). These reactors were operated at two different temperatures (25C and 45C), to determine the temperature effects on digestion performance. Chemical Oxygen Demand (COD) removal efficiencies of 72.6%, 68.6%, 60.1%, 52.1%, and 43.25% were achieved for R1-R5 respectively, at temperature of 25C. These removal efficiencies were significantly improved at temperature of 45C, where efficiencies of 91.2%, 81.5%, 72.1%, 60.7% and about 50% were achieved for these reactors. In addition, very promising biogas production rates of 4.5-5.8 l/day were determined at operation temperatures of 45C (compared with 3-4 l/day at 25C) for the majority reactor life times. This achievement may compensate the treatment costs in addition to the supply of cheap renewable energy.
supply a promising source of economic renewable energy, subject to the constraints due to microbial nutrition and pH buffering.
Experimental Setup
Five batch reactors (10 L working volume) were adopted for the test of anaerobic digestion parameters, as illustrated in Fig.1 . Each reactor has an independent rotary blade mixer LIGHTNIN SPX so as to maintain uniform moisture content and to homogenize the soluble substrate and bacterial distribution. Also, an internal DUREX coil heater was inserted in each reactor, with thermostat so as to supply the required heat to meet the test`s operational temperature. Under Each set of operational parameters, reactors were fed initially with 10 L of diluted sludge (animal manure diluted with fresh water) until the appearance of some low biogas production rates for successive operation days and in turn the obtained digested sludge would serve as inoculums for reactors. Sludge masses were made of dewatered IAF unit skim and kept at -20 C prior to use as the feed for reactors. Initially, the pH of digested sludge was adjusted to the range 6-8 via 2N solution of Sodium Hydroxide. This pH was monitored continuously to make sure it is in that range. Analysis of COD, TSS and pH were determined according to the standard methods (APHA, 2010). The biogas production was determined by the displacement of water in a graduated column. Digest substrates were made of 0.5, 1.5, 2.5, 4.0 and 5.0:10, IAF skim to the total working volume (each in one reactor; R1, R2, R3, R4 and R5 respectively) at each of the test temperatures (25C and 45C).These combinations were initially mixed via a commercial laboratory blender LBC15. The five reactors were operated for a period of 30 days under each certain set of operational parameters.
Results and Discussions
Although disturbances in reactors performance were expected for the early periods of operation, pH values were mainly within the acceptable rang of 6-8 as shown in Fig.2 for the majority of reactors life times, which indicates well buffering balance of substrate mixtures.
Digestion Performance
In general, it takes a period of time for the reactor to acclimate and start being effective in the sense of COD removal due to long-chain fatty acids released from the hydrolysis of triglycerides constituents of OG, and the length of this lag period depends upon the IAF skim: working volume ratio; the higher it was, the longer the lag period. From another side, Fig. 3 (a) indicates that higher IAF skim portions had led to lower COD removal efficiency; that is, while the maximum achieved efficiency with reactor R1 was about 72.6%, it did not exceed 43.25% with reactor R5, when operated at temperature of 25C (68.6%, 60.1% and 52.1% for R2-R4 respectively). Remarkable enhancements were achieved for the COD removal efficiencies that reached the values of 91.2%, 81.5%, 72.1%, 60.7% and about 50% for R1-R5 respectively, by operating the reactors at higher temperature of 45 C, as shown by Fig.3 (b) . This may be attributed to the thermophilic characteristic of OG content of the IAF skim; e.g., at higher temperatures, OG tends to be more soluble that in turn enhances its biodegradability. Regarding the TSS constituent, the performance trend of reduction was almost similar to that of COD, which is a reference to the degradable organic composition of the majority of these solids. At operation temperature of 25C, the reduction percentages were 83-49% for the reactors R1-R5, respectively. The same scenario of high COD removal enhancement at operation temperature of 45C, was repeated with the TSS, where these percentages had the values of 95-77% for the same mixing ratios. Biogas Production Biogas production in Fig.4 (a) and (b) has shown significant increase via operating the different reactors with the mixed substrates compared to that during the anaerobic digestion of the diluted livestock manure only, as shown in Fig.5 . Also, these results had clearly demonstrated, that higher IAF skim (higher COD) has the tendency of higher biogas production at both operation temperatures (25C and 45C). The greater biodegradability and energy potential of carbohydrates that constitute IAF skims might be the main causal for that, in agreement with Thomas et al. (2007) . Highest biogas production rate was measured for R2 (about 4.2 l/day), in comparison with that for R1 (about 3.7 l/day), that hosted the highest IAF skim: working volume ratio at an operation temperature of 25C (Fig.4 (a) ). This may be attributed to the higher OG content and salt concentration in the later mixture that inhibits biological transformation at that temperature, and hence, adversely affects the biological activity. That decrease of biogas production rate at higher concentration of IAF skim was overcame by operating the digestion reactors at 45C, (rates of 5.8 l/day and about 5.0 l/day were achieved with R1 and R2 respectively), due to the enhanced solubility at high operation temperatures as shown in Fig.4 (b) . Biogas production rate l/day Day Figure 5 . Biogas production rate for anaerobic digestion of livestock manure only.
